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Abstract. A novel strategy to reduce unwanted swings and motions in floating wind turbines is 
presented. At above rated wind speeds, the platform, on which the wind turbine is mounted, 
causes the generator speed control loop to become unstable. The proposed strategy assures 
stability of the control loop by an additive adjustment of the measured generator speed using 
tower fictitious forces. The developed strategy is independent of the platform and wave 
dynamics.      
1.  Introduction 
For onshore wind turbines, the interaction between the drive-train dynamics and the tower dynamics 
introduces zeroes in the transmittance between pitch demand and generator speed. In certain wind 
conditions, particularly in those just above rated, these zeroes can be in the right half plane and produce 
a phase loss at frequencies close to that of the tower first fore-aft frequency, see Figure 1. For large wind 
turbines with lower tower frequencies, they can restrict the achievable control performance, reduce 
stability margins and even cause controllers to be unstable [1]. When a wind turbine is mounted on a 
non-stiff structure such as a floating platform, the drive-train dynamics also interact with the dynamics 
of the floating platform through the tower. Such interaction introduces similar zeroes in the 
transmittance between pitch demand and generator speed near the frequency of the platform, see Figure 
1, and at above rated wind speeds these can destabilise the its controller and give rise to unwanted swings 
and motions.  
Several solutions to avoid controller induced instability at above rated wind speeds have been 
proposed for floating wind turbines. For instance, the controller can be detuned to reduce its closed-loop 
bandwidth below the dominant platform mode but at a cost of degraded performance, in particular on 
generator speed regulation [2]. Fischer [3] reports closed-loop bandwidths below 0.2 rad/s for a wind 
turbine of 5MW and above, well below the 1rad/s design bandwidth usually suggested for onshore wind 
turbines. Feeding back additional measurements, e.g. nacelle fore-aft accelerations/velocities to 
demanded pitch angle or to demanded generator torque, to provide active tower damping has been used 
with both land-based and floating wind turbines. The impact of this strategy on rotor speed regulation 
and drive-train loads has to be carefully balanced. Passive approaches have also been investigated, 
although the effectiveness of such dampers is considerably reduced due to the aerodynamic damping of 
the fore-aft movement of the WT. Thorough reviews of all these solutions can be found in [4] and [5]. 
  
 
 
 
 
 
Figure 1. Frequency response of the linearised 5MW NREL TLP WT from pitch demand to generator 
speed 
   
The work presented here exploits the observation that the difference between the dynamics of the 
wind turbine in an inertial reference frame, i.e. with the turbine mounted on a rigid support structure, 
and the dynamics in a non-inertial reference frame, i.e. mounted on a floating support structure, can be 
represented as fictitious forces i.e. tower fictitious forces. Tower fictitious forces are apparent forces 
acting on the nacelle mass. Adding such forces to the measured generator speed decouples the nacelle 
dynamics from the tower/platform dynamics at low frequencies and consequently, standard controllers 
for land-based wind turbines can be used in offshore floating applications without retuning. This 
decoupling approach is robust since it does not depend on dynamic models of the wind turbine, only on 
the relative acceleration of the reference frames. 
Rotor and hub models, using fictitious forces and their linearisation are presented in Section 2. A 
method to alleviate tower fatigue loads, called power coordinated control is briefly presented in Section 
3.  Simulation results obtained using the fully coupled aero-hydro-servo-elastic design code FAST v7 
for the NREL 5MW reference wind turbine mounted on a tension leg platform (TLP) is presented in 
Section 4.  Conclusions and future work are discussed in Section 5.    
2.  Rotor and hub models using fictitious forces  
The transformation from inertial to non-inertial reference frames is applied to the nacelle and rotor 
dynamics, rather than to the complete wind turbine; that is, the fictitious forces account for both the 
tower and support structure movements. With respect to the nacelle reference frame, which moves with 
the support structure but does not rotate with the rotor, the combined rotor and hub equations of motion 
are: 
቎ ܬோߠሷோܬோ߶ሷோሺܫଵ J? ଶܰܫଶሻߠሷு቏௡௢௡ି௜௡௘௥௧௜௔௟ J? ቎
ܬோߠሷோܬோ߶ሷ ோሺܫଵ J? ଶܰܫଶሻߠሷு቏௜௡௘௥௧௜௔௟ J? ቎ J?ܬோߗ
ሶ ௭ேܯ݈ݖሷேሺܫଵ J? ଶܰܫଶሻߗሶ ௭ே቏                  ( 1) 
where: 
  
 
 
 
 
቎ ܬோߠሷோܬோ߶ሷ ோሺܫଵ J? ଶܰܫଶሻߠሷு቏௜௡௘௥௧௜௔௟ J? J?ܬோ ቎
ߛሺߚሻ J?ߜሺߚሻJ?ߜሺߚሻ ߢሺߚሻߛሺߚሻ J?ߜሺߚሻ቏ J?ߠோ J? ߠு߶ோ J?J?቎ ܯ஺I?ܯ஺I?J?ܤߠሶு J? ܰܶீ ቏               ( 2) 
and: ߛሺߚሻ J? J?߱ ௘௦ଶ Iܿ?ଶ J? ௙߱௦ଶ ݏI?ଶJ?J?ሺ߱௘ଶ J? ௘߱௦ଶ ሻ ߗଶߗோଶ ǡ ߢሺߚሻ J? J?߱ ௘௦ଶ ݏI?ଶ J? ௙߱௦ଶ Iܿ?ଶJ?J?J?߱ ௙ଶ J? ௙߱௦ଶ J?ߗଶߗோଶ ǡ ߜሺߚሻ J? J?߱ ௘௦ଶ J? ௙߱௦ଶ J?ݏI?ܿ I? 
 
The terms J?ୖܬ ȳሶ ௭୒, ݈ݖሷ୒ and ሺଵ J? ଶଶሻȳሶ ୸୒ are the fictitious forces, [6], associated with the 
relative movement of the reference frames. ܬୖ and ሺଵ J? ଶଶሻ are the rotor inertia and the sum of all 
inertias in the drive-train reflected to the low speed shaft by the gearbox ratio ܰ; ߠோ ǡ ߶ோ ǡ ߠு ǡ ȳǡ ȳோ  are 
the rotor in-plane, out-of-plane displacements with respect to the rotor reference frame, hub rotational 
displacement, rotor speed and rated rotor speed; ܯǡ ܤǡ ݈ are the rotor total mass, drive-train damping 
coefficient and the distance between the blade centre of mass and centre of rotation; ߱௘௦ǡ ߱௘ ǡ ߱௙௦ǡ ߱௙ are 
stationary and non-stationary centrifugally stiffened blade edgewise and flapwise frequencies, ݏI?ǡ Iܿ? are 
simplified notations for sine and cosine functions of pitch angle ߚ; and ୅஘ǡ ୅மǡ ܶீ  are in-plane 
aerodynamic torque, out-of-plane aerodynamic torque and generator torque. ȳሶ ௭୒ is the rotational 
acceleration of the nacelle about an axis perpendicular to the rotor and ݖሷ୒ is the translational acceleration 
along the same axis, measured by an accelerometer attached to the nacelle.  
The rotor equations of motion are based on the rotor Lagrangian which is obtained by combining the 
Lagrangian of three single blades, with 120Ýphase shift relative to each other with only dominant 
dynamic modes represented. Centrifugal stiffening terms are also added whereas blade damping terms 
have been ignored and gravity terms are cancelled out in the Lagrangian. In a similar fashion, the 
equation of motion of the hub is obtained by assuming a non-stiff tower and the fact that the damping 
of the first mode of the drive-train components is extremely low and its frequency, being much higher 
than the frequencies of the blades, the blades can be assumed to be infinitely stiff, that is ߠு J? ܰିଵߠீ B? ?. 
2.1.  Low frequency approximation of the hub equation of motion 
The hub equation of motion can be approximated for frequencies much less than that of the blade 
frequencies. At the nacelle, the dynamics of ߠோand ߠு, in the Laplace domain, are 
 ሺߠோ J? ߠுሻ J? ሾ ? J?ሺݏJ? ?J? ߙሺݏ ? J? ܤJ?ݏሻJ? ?ሻߛሺߚሻሿ J?ݏିଶ J?ܯ஺I?ܬோ J? ȳሶ ௭ேJ? J? ሺݏଶ J? ܤJ?ݏሻିଵ J?ߙܰܶீܬோ J? ȳሶ ௭ே J?J? Jܱ?ߜሺߚሻ߶ோJ? 
 
 where ߙ J? ܬோሺܫଵ J? ܰଶܫଶሻିଵǡ ܤJ?J? ܤሺܫଵ J? ଶܰܫଶሻିଵ and ߛሺߚሻ accounts for blade edgewise stiffening. 
The scaling factor can be approximated to  ቂ ? J? ቀିݏ ଶ J? ߙJ?ݏଶ J? ܤJ?ݏJ?ି ଵቁ ߛሺߚሻቃ J? J?ݏ ?J? ߙሺ ? J? ߙሻJ? ?ݏ J?ሺ ? J? ߙሻߛሺߚሻJ?J? ?ݏ ?J?ݏ J? ܤJ?J? ቆݏ J? ܤJ? ? J? ߙቇJ? ? 
 
For fixed ߚ, ݏଶ J? ߙሺ ? J? ߙሻିଵݏ J?ሺ ? J? ߙሻߛሺߚሻ has lightly damped zeroes with frequency very close to 
that of the blades. Hence the scaling factor, at low frequencies, can be further approximated to 
 ሺ ? J? ߙሻିଵߛିଵሺߚሻݏଶJ?ݏ J? ܤJ?J? ቆݏ J? ܤJ? ? J? ߙቇିଵ 
  
 
 
 
 
and ሺߠோ J? ߠுሻ approximates to: 
 ሺߠோ J? ߠுሻ J? ሺ ? J? ߙሻJ? ?ߛJ? ?ሺߚሻሺݏ J? ܤJ?ሻ ቆݏ J? ܤJ? ? J? ߙቇJ? ?J?ܯ஺I?ܬோ J? ȳሶ ௭ேJ?J?ሺ ? J? ߙሻJ? ?ߛJ? ?ሺߚሻݏ ቆݏ J? ܤJ? ? J? ߙቇJ? ?J?ߙܰܶீܬோ J? ȳሶ ௭ேJ? J? ିߛ ଵሺߚሻߜሺߚሻ߶ோ 
 
Using the above result, the dynamics of ߶ோ can also be approximated at low frequency, that is ߶ோ J?ߢƸ ିଵJ?߶ோሷ J? ߢƸ߶ோJ?, where ߢƸሺߚሻ J? ߢሺߚሻ J? ߛିଵሺߚሻߜଶሺߚሻ, thus reducing the effect of the zeroes introduced 
by the blade flapwise stiffening:  
 ߶ோ J? ߢJ?J? ?ቆܯܣߠܬܴ J? ܯߣܰݖሷ ቇ J? ߢJ?J? ?ߜሺߚሻሺ ? J? ߙሻJ? ?ߛJ? ?ሺߚሻሺݏ J? ܤJ?ሻ ቆݏ J? ܤJ? ? J? ߙቇJ? ? J?ܯ஺I?ܬோ J? ȳሶ ௭ேJ? J?  ߢƸି ଵߜሺߚሻሺ ? J? ߙሻିଵߛିଵሺߚሻݏ ቆݏ J? ܤJ? ? J? ߙቇିଵ J?ߙܰܶீܬோ J? ȳሶ ௭ேJ? 
  
Using the approximations for ሺߠோ J? ߠுሻ and ߶ோ in the hub equation of motion, it follows that: 
 
 ሾሺܬோ J? ܫଵ J? ଶܰܫଶሻݏ J? ܤሿߠሶு J? ܰܯ஺I? J? ܰܶீ J?ሺܬோ J? ܫଵ J? ଶܰܫଶሻߗሶ ௭ே                           ( 3) 
 
The above approximation is sufficient to represent the nonlinear dynamics over a range of 
frequencies including the floating structure dynamics but not the tower or the blades since it is assumed 
that those frequencies are sufficiently high such that their dynamics can be neglected.  
It would be possible to use an estimator to determine the aerodynamic torque ୅஘, thus the 
decoupling term to be added to the measured hub speed becomes: 
 ሾሺୖ J? ଵ J? ଶଶሻ J? ሿିଵJ?J?୅஘ J?ሺୖ J? ଵ J? ଶଶሻȳሶ ୸୒J? 
 
and J?୅஘ is the estimated aerodynamic torque. However at above rated wind speeds, the nonlinearity 
introduced by the aerodynamic torque is already handle by gain scheduling, thus a much simpler 
approach based on linearising the dynamics suffices.   
2.2.  Linearisation of rotor and hub dynamics 
Using Taylor series expansion, the following linearised equations of motion for ߠோ and ߶ோ are obtained:  
 ቈ߂ߠሷோ߂߶ሷ ோ቉ J? J?J?ߛሺߚሻ J?ߜሺߚሻJ?ߜሺߚሻ ߢሺߚሻ J? J?߂ߠோ J? ߂ߠு߂߶ோ J?J? ܬோି ଵ ቎I?ெI?J?I?I? J?ܮI?ெI?J?I?௏I?ெI?J?I?I? J?ܮI?ெI?J?I?௏ ቏ ቈ߂ߠሶோ߂߶ሶ ோ቉ J?J?J?߂ߗሶ ௭ேெ௟௱௭ሷI?௃I? J?   ( 4) 
where 
I?ெI?I?ஐ ǡ I?ெI?I?୴  are the partial derivatives of ܯ஺I? with respect to rotor speed and wind speed, 
respectively. ܮ is the effective length of the blade which represents the centre of pressure of aerodynamic 
loading and can be calculated from the following equation: 
 ܯ஺I? ሺߚሻ J? ܯ஺I?ሺߚሻ J? ܮ ܨ஺ ? 
 ܨ஺ is thrust and a usual value for ܮ is 70% of the blade radius. 
  
 
 
 
 
Rearranging the above equation such that ߠோ and ߶ோ are in the left side and noting that at low 
frequencies much less than ߱௘௦ or ߱௙௦, the zeroes introduced by the dynamics of ߠோ and ߶ோ will be 
lightly damped, that is: ݏଶ J? ݏܬோି ଵ ߲ܯ஺I?߲ȳ J?J?߱ ௘௦ଶ Iܿ?ଶ J? ௙߱௦ଶ ݏI?ଶJ?J? J?߱ ௘௦ଶ Iܿ?ଶ J? ௙߱௦ଶ ݏI?ଶJ? ݏଶ J? ܮܬோି ଵ ߲ܯ஺I?߲ܸ J? J?߱ ௘௦ଶ ݏI?ଶ J? ௙߱௦ଶ Iܿ?ଶJ?J? J?߱ ௘௦ଶ ݏI?ଶ J? ௙߱௦ଶ Iܿ?ଶJ? 
 
The determinant of the matrix accompanying ߠோ and ߶ோ approximates to: 
 ߟሺߚሻ J? ߢሺߚሻߛሺߚሻ J? ߜଶሺߚሻ 
 
At low frequencies, the linearisation of the aerodynamic torque ୅஘ will therefore be: 
 ߲ܯ஺I?߲ȳ ȟߠோ J? ܮ߲ܯ஺I?߲ܸ ȟ߶ோ J? ߲ܯ஺I?߲ȳ ȟߠு J? ߢଵሺߚሻȟߗሶ ௭ே J? ߢଶሺߚሻ ܯ݈ȟݖሷேܬோ  
 
with: 
 
 ߢଵሺߚሻ J? ିߟ ଵሺߚሻ ቄI?ெI?J?I?ஐ ߢሺߚሻ J? ܮ I?ெI?J?I?௏ ߜሺߚሻቅ ǡ ߢଶሺߚሻ J? ିߟ ଵሺߚሻ ቄJ?ܮ I?ெI?J?I?௏ ߛሺߚሻ J? I?ெI?J?I?ஐ ߜሺߚሻቅ 
 
The feedforward correction to the controller output can now be determined from the above dynamic 
equations in the form of an additive adjustment to measured hub or generator speed, that is: 
  ߂ߠሶு J? ܩሺݏሻJ?J?ܰ ߂ܶீ J?ሺܬோ J? ܫଵ J? ଶܰܫଶሻ߂ߗሶ ௭ேJ?J?ݏܩሺݏሻ ቂJ?ߢଵሺߚሻ߂ߗሶ ௭ே J? INI?ሺI?ሻெ௟௱௭ሷI?௃I? ቃ     ( 5) 
where  ܩሺݏሻ J? ቂሺܬோ J? ܫଵ J? ଶܰܫଶሻݏ J? ܤ J?I?ெI?J?I?I? ቃିଵ                                       ( 6) 
 
Equivalently, the modification to generator speed is: 
 ߂ߠሶீ J? ܩሺݏሻJ?J? ଶܰ߂ܶீ J?ሺܬோ J? ܫଵ J? ଶܰܫଶሻܰ߂ߗሶ ௭ேJ?J?ݏܩሺݏሻ ቈJ?ߢଵሺߚሻܰ߂ߗሶ ௭ே J?ݏܩሺݏሻߢଶሺߚሻܯ݈ܰ߂ݖሷேܬோ ቉ 
( 7) 
 
 
 
Figure 2. Generator speed control loop at above rated wind speed 
  
 
 
 
 
From the above, the speed controller need not be altered since the correction on measured generator 
speed transforms the non-inertial reference frame to the inertial reference frame and suppresses the low 
frequency right half-plane zeroes introduced the floating platform. The control scheme of the resulting 
generator speed feedback loop is shown in Figure 2. 
The term 
I?ெI?J?I?ஐ  in 
ሺሻ depends on wind speed and pitch angle but is weakly nonlinear such that, at 
above rated, the gain scheduling can handle its implementation.  
3.  Alleviation of tower fatigue loads 
The right half plane zeroes arising from the interaction between the drive-train dynamics and the tower, 
at above rated wind speeds and at frequencies close to the tower frequency, can be removed by a control 
scheme called power coordinated control (PCC) [7], see Figure 3. The control action of the PCC is 
achieved through a combination of pitch and torque demand. The element ܻ is designed as a low pass 
filter or a notch filter centred at the tower frequency to reduce pitch activity in the vicinity of such 
frequency. The element ܺ is applied to torque demand such that the transmittance from its input to ȳீ  
is similar to the transmittance from Ⱦௗ to ȳீ  and the speed controller remains unchanged. For wind 
speeds, particularly just above rated, the generator speed obtained using PCC is the same as that using 
the speed controller alone. However, there can be large power fluctuations because the gain from ௗܶ to ȳீ  is much weaker than that from Ⱦௗ to ȳீ . These fluctuations have a direct impact on the drive-train 
components such as gearbox and generator [7]. A reduction in these fluctuations can be attained by 
replacing the speed control loop with a power control loop. Since the power converter is relatively fast 
acting, torque fluctuation ȟܶீ  about ܶீ ଴ are relatively small compared to fluctuations ȟȳீ about ȳீ଴, 
thus if ܲ  is well controlled then so is ȳீ  and the power control loop from Figure 3 is similar to the speed 
control loop from Figure 2 at above rated wind speeds. The system output ܲ can be expressed as: 
 ܲ J? ܶீ ଴ ቂߗீ଴ J?ሺߗீ J? ீߗ ଴ሻ J? I?I?I?்I?I?ሺܶீ J? ܶீ ଴ሻቃ                                      ( 8)  
  
 
Figure 3. Power coordinated control scheme 
with ܲ J? ீߗ ܶீ . ܺ is designed such that it counteracts the right half plane zeroes introduced by the 
interactions with the tower dynamics and stabilises the transmittance ቀܤ J? ஐI?I?்I?I?ቁ ܣିଵ, while keeping the 
transmittance similarity: 
 ܥܣ J? ܥܻܣ J? ܥሺ ? J? ሻܻܺ ቀܤ J? I?I?I?்I?I?ቁ                                                   ( 9) ܣǡ ܤǡ ܥ are the transmittance from ߚௗ to ȳீ , the transmittance from ௗܶ to ȳீ  and the speed controller, 
respectively. ܦǡ ܧǡ ܪ are also transmittances. A low order approximation suffices for ܺ since only 
frequencies over a narrow range focused on the tower frequency are of interest.  
  
 
 
 
 
4.  Simulation Results 
The developed control strategy is tested using FAST v7 for the NREL 5MW reference wind turbine 
mounted on a TLP. Specifications of the wind turbine and platform can be found in [8]. Frequency 
response of the linearised model is obtained to show how the phase losses due to platform and tower 
dynamics are counteracted with the proposed approach. Time responses are also obtained to show how 
the swings and motions of the platform are suppressed. 
4.1.  Frequency analysis 
The frequency response of WT using the baseline controller is compared with that using the 
measurement correction of generator speed by means of fictitious force contributions, see Figure 4 (left). 
Only regular waves can be used for model linearisation. Simulation results showed that only platform 
surge displacement causes phase loss for the TLP and thus is the only active platform mode. The 
magnitude ݏ ቂJ?ߢଵሺߚሻܰ߂ߗሶ ௭ே J? ௦ீሺ௦ሻINI?ሺI?ሻெ௟ே௱௭ሷI?௃I? ቃ  is very small compared to J?J?ሺܬோ J? ܫଵ J?ܰଶܫଶሻܰ߂ߗሶ ௭ேJ?, however only the sum counteracts the phase loss at the platform surge frequency, see 
Figure 4 (right) (model 1 in blue and model 2 in red are almost identical in magnitude and phase so their 
bode plots overlap each other). The measurement correction introduces high frequency drift caused by 
the transmittance between ߚௗ to ȳሶ ௭, which is suppressed by low pass filter centred at the platform surge 
frequency given by:  ܩ௙ሺݏሻ J?  ?Ǥ ? ? ? ?ݏݏଶ J?  ?Ǥ ? ? ? ?ݏ J?  ?Ǥ ? ? ? 
 
Figure 4. (left) WT Frequency response comparison, (right) zoomed frequency response at platform 
surge frequency 
 
The PCC reduces the pitch activity at the vicinity of the tower fore-aft frequency, see Figure 5 (left and 
right). The elements ܻ and ܺ are designed to be: ܻ J? ݏଶ J?  ?Ǥ ?ݏ J?  ?Ǥ  ?ݏଶ J?  ?Ǥ ?ݏ J?  ?Ǥ  ? ܺ J? J?  ?݁ ?ሺݏ J?  ?Ǥ ? ? ?ሻሺݏ J?  ?ሻሺݏ J?  ? ?ሻሺݏ J?  ? ? ?ሻ 
 
  
 
 
 
 
 
Figure 5. (left) WT frequency response with PCC, (right) zoomed frequency response at tower fore-
aft frequency 
4.2.  Performance comparison 
Simulations conditions are: turbulent rated wind speed of 11.4m/s, water depth of 70m with irregular 
waves of type Pierson-Moskowitz spectrum and platform surge mode active. The baseline controller is 
compared to the developed strategy under wave conditions in which the baseline controller might 
become unstable. The following two scenarios are tested.  
    
Scenario 1. Wave height and peak spectral period are set to be 1.5m and 6.61s respectively. Generator 
speed time series show no oscillatory response for the baseline controller thus the fictitious forces 
measurement correction will not affect the performance of the control loop, see Figure 6 (left). There is, 
however, a slight performance improvement due to the PCC in generator speed, which reduces blade 
pitch activity, see Figure 7 (right) and consequently tower fore-aft displacement, see Figure 7 (right). 
There is also a small reduction in the magnitude of platform surge accompanied by a phase drift due to 
the PCC which by reducing the motion of the tower reduces the magnitude of oscillation of the platform, 
see Figure 6 (right).   
 
 
Figure 6. Control performance comparison for scenario 1 (left) generator speed, (right) platform surge 
displacement 
  
 
 
 
 
 
Figure 7. Control performance comparison for scenario 1 (left) generator power, (right) tower fore-aft 
displacement 
 
Figure 8. Control performance comparison for scenario 2 (left) generator speed, (right) platform surge 
displacement 
 
Figure 9. Control performance comparison for scenario 2 (left) generator power, (right) tower fore-aft 
displacement 
Scenario 2. This is a more aggressive scenario with height and peak spectral period set to be 4.55m 
and 9s respectively. Under these conditions, the baseline controller becomes unstable at wind speeds 
just above rated. The developed strategy stabilises the controller when pitch is active, see Figure 8 (left) 
for generator speed, Figure 9 (left) for tower fore-aft displacement and specially Figure 8 (right) for 
  
 
 
 
 
platform surge displacement where motions of the platform have been attenuated. The PCC is also active 
as shown in Figure 9 (right). The platform surge displacement standard deviation comparison for both 
scenarios can be seen in Table 1. 
  
Table 1. Standard deviations Platform surge displacement 
 Baseline controller Fictitious force 
correction 
Percentage difference 
Scenario 1 1.616 1.5172 6.1% 
Scenario 2 1.6211 1.1120 31.4% 
 
5.  Conclusions 
The proposed strategy reduces unwanted swings and motions in offshore floating wind turbines without 
adding the platform dynamics into the control design. An additive adjustment in the generator speed 
measurements by means of tower fictitious forces reduces blade pitch activity at low frequencies where 
all the important platform modes appear. Since the fictitious forces are simply accelerations scaled by a 
mass or inertia, they are easily measured and feedforwarded into the baseline controller. Tower fatigue 
loads are reduced by reducing the pitch activity in the vicinity of the tower frequency by using PCC. 
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